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)LJXUH0LQLPXPKRUL]RQWDOFXUYDWXUHUDGLXV5FPLQDVDIXQFWLRQRIPD[LPXPSHUPLWWHGUHVLGXDOFHQWULIXJDO
DFFHOHUDWLRQȖQFPD[

$VVXPLQJWKUHHRSHUDWLRQVFKHPHV
'HGLFDWHGSDVVHQJHUWUDLQVHUYLFHZLWKXQLIRUPVSHHG9PD[ NPK8PD[ PPȖQFPD[ 
PVW\SLFDOYDOXHIRUSDVVHQJHUWUDLQVPD[LPXPSHUPLWWHGFDQWGHILFLHQF\,PD[ PPGHULYLQJ
IURPIRUPXOD$OLDV

PD[

PD[

QFJ
H J ,           
'HGLFDWHGIUHLJKWWUDLQVHUYLFHZLWKXQLIRUPVSHHG9PD[ NPK8PD[ PPȖQFPD[ PV
QRG\QDPLFODWHUDOFRPIRUWLVVXHLQIUHLJKWWUDLQV,PD[ PPGHULYLQJIURPIRUPXOD
0L[HGWUDLQRSHUDWLRQZLWK9PD[ NPK9PLQ NPK8PD[ PPȖQFPD[ PV,PD[ 
PPPD[LPXPDOORZHGFDQWH[FHVVǼPD[ PP
7KHIROORZLQJPLQLPXPKRUL]RQWDOFXUYDWXUHUDGLLDUHGHULYHGUHVSHFWLYHO\5FPLQ P5FPLQ 
P5FPLQ P ,W LVQRWHG WKDW WKH IDVWHVW SDVVHQJHU WUDLQVGHWHUPLQH WKHKRUL]RQWDOFXUYDWXUH
UDGLXV
,PSDFWRIWKHWUDLQVSHHG
7UDLQVSHHG±UDLOSURILOH
7KHGLDJUDPLQILJXUHLVGHULYHGE\WKHDXWKRUVDSSO\LQJWKH(LVHQPDQQPHWKRGDQGSUHVHQWVWKHUDLO
SURILOHUHTXLUHPHQWVIRUD[OHORDGVRIDQGWDVDIXQFWLRQRIWUDLQVSHHG$VFDQEHVHHQIURPWKH
GLDJUDPD VSHHG LQFUHDVH OHDGV WRD UDLOSURILOHZHLJKW LQFUHDVH IRU WKH VDPHD[OH ORDG7KHVDPH UDLO
ZHLJKWLVUHTXLUHGIRUIUHLJKWWUDLQVZLWKWD[OHORDGDQG9 NPKDQGIRUSDVVHQJHUWUDLQVZLWK
WD[OHORDGDQG9 NPK
,WPXVWEHVWUHVVHG LQ WKLVSRLQW WKDWDFKLHYLQJKLJKVSHHGVUHOLHVKHDYLO\RQHQVXULQJUHWDLQLQJ WUDFN
JHRPHWU\7R WKLV HQG KLJK VSHHGQHWZRUNV 9!NPK DUHXVLQJRQO\ KHDY\ UDLOV 8,& 
NJPDVWKHVHOLPLWWUDFNYHUWLFDOGLVSODFHPHQWWRDFFHSWDEOHOHYHOV

7UDLQVSHHG±PDLQWHQDQFHUHTXLUHPHQWV
&RQVLGHULQJ WZR UDLOZD\ WUDFNVZLWK WKH VDPHGDLO\ WUDIILF ORDGZKHUH WUDLQVDUH URXWLQJZLWKHTXDO
D[OHORDG%DVHGRQIRUPXOD/LFKWEHUJHULWFDQEHGHULYHGWKHLQIOXHQFHRIWUDLQVSHHGRQWKH
YROXPHRIPDLQWHQDQFHZRUNVDQGRQUHOHYDQWFRVWUHVSHFWLYHO\
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












  











9>NPK@
5H
ODW
LYH
P
DLQ
WHQ
DQ
FH
ZR
UN
VY
ROX
PH
4 W
4 W

)LJXUH,QIOXHQFHRIWUDLQVSHHGWRPDLQWHQDQFHZRUNYROXPH±SDVVHQJHUDQGIUHLJKWWUDLQV

)URP ILJXUH  LW FDQ EH GHULYHG WKH LQIOXHQFH RI WUDLQ VSHHG RQ PDLQWHQDQFH ZRUN YROXPH IRU
SDVVHQJHUVDQGIRUIUHLJKWWUDLQV
LH WKHPDLQWHQDQFHZRUNYROXPHIRUDSDVVHQJHUGHGLFDWHGWUDFN4 WDQG9 NPKLWFDQEH
XQWLO  JUHDWHU WKDQ WKH PDLQWHQDQFH ZRUN YROXPH IRU D IUHLJKW GHGLFDWHG WUDFN 4 W DQG
9 NPKIRUWKHVDPHGDLO\WUDIILFORDG

7UDLQVSHHG±WUDFNFDSDFLW\
,QILJXUHDLVGHSLFWHGWKHWUDFNFDSDFLW\RIDWUDFNRIWZRGLUHFWLRQVRIFLUFXODWLRQDVDIXQFWLRQRIWKH
WLPHUHTXLUHGWRWUDYHOWKHFULWLFDOWUDFNVHFWLRQE\WKHWUDLQV,WLVQRWHGWKDWDQLQFUHDVHLQWUDYHOWLPHIRU
DOO WUDLQV UHVXOWLQJ IURP SURSRUWLRQDO GHFUHDVH RI WKHLU VSHHG OHDGV WR D FDSDFLW\ UHGXFWLRQ $V DQ
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H[DPSOHGRXEOLQJ WKH WUDYHO WLPHLH UHGXFLQJVSHHGE\KDOI UHVXOWV WR WUDFNFDSDFLW\ UHGXFHG WRKDOI
IURPWRWUDLQVGD\3\UJLGLVDQG6WHUJLGRX
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
)LJXUHD7UDFNFDSDFLW\RIDWUDFNZLWKWZRGLUHFWLRQVRIFLUFXODWLRQ±DYHUDJHWUDYHOWLPHRIFULWLFDOWUDFNVHFWLRQ
E&DSDFLW\RIDWUDFNZLWKRQHZD\WUDIILFRSHUDWLRQZLWKLQWHUPHGLDWHEORFNVLJQDO±WUDIILFFRPSRVLWLRQ
KRPRJHQHLW\

,Q ILJXUH E LV GHSLFWHG WKH FDSDFLW\ RI D WUDFN RI RQHZD\ WUDIILF RSHUDWLRQ DV D IXQFWLRQ RI WUDIILF
FRPSRVLWLRQKRPRJHQHLW\7KHPDUN³D´GHQRWHVDWUDLQWUDYHOLQJWKHFULWLFDOVHFWLRQLQDVKRUWWLPHLQ
WKLVH[DPSOHWKLVLVD PLQ³F´GHQRWHVDWUDLQWUDYHOLQJWKHFULWLFDOVHFWLRQLQDORQJWLPHF PLQ
³E´GHQRWHVDWUDLQWUDYHOLQJWKHFULWLFDOVHFWLRQLQDQDYHUDJHWLPHE PLQZKLOH³P´GHQRWHVDWUDLQ
W\SHWUDYHOLQJWKHFULWLFDOVHFWLRQLQDWLPHHTXDOWRWKHZHLJKWHGDYHUDJHRIWUDYHOWLPHVRIDOOWUDLQVKHUH
P PLQ )URP ILJXUH E LW FDQ EH FRQFOXGHG WKDW LQ WKH FDVH RI DQ LQWHUPHGLDWH EORFN VLJQDO LQ WKH
FULWLFDOWUDFNVHFWLRQWUDFNFDSDFLW\LVPD[LPL]HGZKHQWUDLQVDUHKRPRJHQRXVLQWHUPVRIFULWLFDOVHFWLRQ
WUDYHOWLPHDQGDFFRUGLQJO\VSHHGWUDLQVGD\±VHTXHQFH³PPPPPP´,IWKHUHDUHWKUHHWUDLQ
W\SHVQDPHO\DEFWKHVHTXHQFH³DEFDEF´OHDGVWRDFDSDFLW\GHFUHDVHWRWUDLQVGD\

7KHLQIOXHQFHRIWKHWUDIILFFRPSRVLWLRQWRWKHFRQVWUXFWLRQFRVWRIDUDLOZD\V\VWHP

7KHFRQVWUXFWLRQFRVWRILQIUDVWUXFWXUHLQFOXGHVWKHFRQVWUXFWLRQFRVWRIEULGJHVWXQQHOVZDOOVZDWHU
GXFWVHPEDQNPHQWVGUDLQDJHRYHUSDVVHVDQGXQGHUSDVVHVQRLVHEDUULHUVIHQFHVVHUYLFHURDGVDQGRWKHU
FRVWV DV LQLWLDOPDLQWHQDQFHZRUNPDQDJHPHQW UHURXWLQJ RI URDGV LQWHULP ILQDQFLDO FKDUJHV HWF7KH
FRQVWUXFWLRQ FRVW RI LQIUDVWUXFWXUH UHSUHVHQWV DSSUR[LPDWHO\ WKH  RI WKH WRWDO SURMHFW 3URILOOLGLV

%DVHGRQGDWDDQDO\VLVIRUFRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUH%DXPJDUWQHUDOORYHUWKH
ZRUOGDQDQDO\WLFDOIRUPXODFRPELQLQJPLQLPXPORQJLWXGLQDOUDGLXVDQGPD[LPXPJUDGLHQWRIWUDFNKDV
EHHQEHGHULYHGE\WKHDXWKRUVIRUWRSRJUDSK\RIDYHUDJHGLIILFXOW\
^ ` ^ `  PLQPD[PLQ   FFO 5L5Q&    
%DVHGRQIRUPXODLWFDQEHGHULYHGDQDSSURDFKRILQIUDVWUXFWXUHFRVW LQSUHOLPLQDU\VWXG\OHYHO
LH$VVXPLQJWKUHHRSHUDWLRQVFHQDULRVDQGEDVHGRQWKHFDOFXODWLRQVRISDUDJUDSKLWGHULYHG

x 3DVVHQJHUGHGLFDWHGFRUULGRU WZR WUDFNVZLWK WKH IROORZLQJ WHFKQLFDOFKDUDFWHULVWLFV9PD[ 
NPK5FPLQ PLPD[ ÅW\SLFDOIRUSDVVHQJHUGHGLFDWHGOLQHV%DVHGRQIRUPXODHZH
GHULYHDFRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUHRIDSSUR[LPDWHO\PHXURVNPIRUDGRXEOH
WUDFNOLQH7KHFRQVWUXFWLRQFRVWRI)UDQNIXUW±&RORJQH9 NPKGRXEOHWUDFNOLQHZDV
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PLOOLRQHXURNPRIOLQHLQFOXGHGWKHFRVWRIWUDFNFRQVWUXFWLRQUDLOVVOHHSHUVHWFHOHFWULFWUDFWLRQ
V\VWHP VLJQDOLQJ DQG UDLOZD\ VWDWLRQV ZKHUH WKH LQIUDVWUXFWXUH FRVW ZDV DSSUR[LPDWHO\ 
PHXURVNPRIOLQHRIWKHWRWDOSURMHFW
x )UHLJKW GHGLFDWHG FRUULGRU WZR WUDFNV ZLWK WKH IROORZLQJ WHFKQLFDO FKDUDFWHULVWLFV 9PD[   
NPK5FPLQ P LPD[ ÅW\SLFDO IRU IUHLJKW GHGLFDWHG OLQHV%DVHGRQ IRUPXODH ZH
GHULYHDFRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUHRIDSSUR[LPDWHO\PHXURVNPIRUDGRXEOH
WUDFN OLQH 7KH FRQVWUXFWLRQ FRVW RI %HWXZH OLQH LQ1HWKHUODQGV 9  NPK ZDV PLOOLRQ
HXURNPRIOLQHLQFOXGHGWKHFRVWRIWUDFNFRQVWUXFWLRQUDLOVVOHHSHUVHWFHOHFWULFWUDFWLRQV\VWHP
VLJQDOLQJDQGUDLOZD\VWDWLRQVZKHUHWKHFLYLOWKHLQIUDVWUXFWXUHFRVWZDVPHXURVNPRIOLQH
x 0L[HGFRUULGRUWZRWUDFNVZLWKWKHIROORZLQJWHFKQLFDOFKDUDFWHULVWLFV9PD[ NPK9PLQ 
NPK5FPLQ PLPD[ ÅW\SLFDOIRUPL[HGWUDIILF%DVHGRQIRUPXODHZHGHULYHD
FRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUHRIDSSUR[LPDWHO\PHXURVNPIRUDGRXEOHWUDFNOLQH
7KHH[SHFWHGFRQVWUXFWLRQFRVWRI LQIUDVWUXFWXUHRI/LDQRNODGL 'RPRNRV OLQH LQ*UHHFH 9 
NPKLPD[ ÅLVPLOOLRQHXURNPRIOLQH
x 0L[HGFRUULGRUWZRWUDFNVZLWKWKHIROORZLQJWHFKQLFDOFKDUDFWHULVWLFV9PD[ NPK9PLQ 
NPK5FPLQ PLPD[ ÅW\SLFDOIRUPL[HGWUDIILF%DVHGRQIRUPXODHZHGHULYHD
FRQVWUXFWLRQFRVWRIUDLOZD\LQIUDVWUXFWXUHRIDSSUR[LPDWHO\PHXURVNPIRUDGRXEOHWUDFNOLQH

,Q ILJXUH  LV GHSLFWHG WKH LQIUDVWUXFWXUH FRVW LQ PLOOLRQ HXURV DV D IXQFWLRQ RI GHVLJQ VSHHG IRU
SDVVHQJHUGHGLFDWHGIUHLJKWGHGLFDWHGDQGPL[HGWUDIILFFRPSRVLWLRQFRUULGRUVIRUVHYHUDOYDOXHVRI LPD[
DQGIRUDYHUDJHGLIILFXOW\WRSRJUDSK\

$YHUDJHGLIILFXOW\WRSRJUDSK\
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3DVVHQJHUGHGLFDWHGFRUULGRULPD[ Å
)UHLJKW GHGLFDWHGFRUULGRULPD[ Å
0L[HGFRUULGRU$LPD[ Å
0L[HGFRUULGRU%LPD[ Å


)LJXUH,QIOXHQFHRIWUDIILFFRPSRVLWLRQRQLQIUDVWUXFWXUHFRVWRIDGRXEOHWUDFNFRUULGRU

)URPWKHILJXUHLWFDQEHGHGXFHGWKHIROORZLQJFRQFOXVLRQV
¾7KHFRQVWUXFWLRQFRVWRILQIUDVWUXFWXUHIRUDW\SLFDOPL[HGWUDIILFFRUULGRULVJHQHUDOO\KLJKHUWKDQRI
D SDVVHQJHU GHGLFDWHG FRUULGRU IRU WKH VDPH PD[LPXP WUDLQ VSHHG DSSUR[LPDWHO\  WR 
KLJKHU
¾7KHFRQVWUXFWLRQFRVWRILQIUDVWUXFWXUHIRUDPL[HGWUDIILFFRUULGRULVVOLJKWO\KLJKHUWKDQRIDIUHLJKW
GHGLFDWHGFRUULGRUIRUPD[LPXPJUDGLHQWLPD[ ÅDQGIRUWKHVDPHPD[LPXPWUDLQVSHHG
¾7KH FRQVWUXFWLRQ FRVW RI LQIUDVWUXFWXUH IRU D W\SLFDO IUHLJKW GHGLFDWHG FRUULGRU LPD[ Å LV
JHQHUDOO\ KLJKHU WKDQ RI D PL[HG WUDIILF FRUULGRU LPD[ Å DSSUR[LPDWHO\  WR 
KLJKHU

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&RQFOXVLRQV

7KLVSDSHULVDILUVWDWWHPSWWRLQYHVWLJDWHWKHLQIOXHQFHRIWUDIILFFRPSRVLWLRQRQWKHFRQVWLWXHQWVRID
UDLOZD\ V\VWHP DQG RQ WKH FRQVWUXFWLRQ FRVW RI UDLOZD\ LQIUDVWUXFWXUH 7KH PRWLYDWLRQ IRU WKLV
LQYHVWLJDWLRQZDVWKHIDFWWKDWLQUHFHQW\HDUVPRVWPL[HGRSHUDWLRQQHWZRUNVVKRZDQLPSRUWDQWGHFOLQH
RIWKHLUWUDQVSRUWYROXPH2QWKHFRQWUDU\GHGLFDWHGIUHLJKWQHWZRUNVDUHSURILWDEOHLQFRQVWDQWJURZWK
DQGLQQRQHHGRIILQDQFLDOVXEVLG\3\UJLGLVDQG&KULVWRJLDQQLV
7KHILQGLQJVRIWKLVSDSHUKDYHVKRZQWKDW 
x 0DQ\ IHDWXUHV RI WKH IUHLJKW ZDJRQVWUDLQV GLIIHU VXEVWDQWLDOO\ IURP WKRVH RI WKH SDVVHQJHU
FRDFKHVWUDLQV
x 7KH GLIIHUHQW IHDWXUHV RI SDVVHQJHU DQG IUHLJKW WUDLQV KDYH D VLJQLILFDQW LQIOXHQFH RQ WKH GHVLJQ
FRQVWUXFWLRQRSHUDWLRQDQGPDLQWHQDQFHRID UDLOZD\ V\VWHP ,Q WKHFDVHRIFRQVWUXFWLQJD VLQJOHRU
GRXEOHWUDFNIRUPL[HGWUDLQRSHUDWLRQ
97KHDOLJQPHQWLVGHWHUPLQHGE\WKHGHVLJQVSHHGGHILQHGIRUSDVVHQJHUWUDLQV
96XSHUVWUXFWXUHLVEXLOWEDVHGRQSDVVHQJHUWUDLQVSHHGDQGIUHLJKWWUDLQD[OHORDG
97UDFNPDLQWHQDQFHSROLF\FRQVLGHUVWKHGDLO\WUDIILFORDGPDGHXSRIDOOWUDLQV
97UDLQ WUDIILF VFKHGXOH GLDJUDP PXVW LQFOXGH WUDLQV UXQQLQJ DW GLIIHUHQW VSHHGV ZLWK ZKLFKHYHU
FRQVHTXHQFHWRWKHWUDFNFDSDFLW\
x 7KH GLIIHUHQW IHDWXUHV RI SDVVHQJHU DQG IUHLJKW WUDLQV KDYH DQ VLJQLILFDQW LPSDFW WR WKH FRQVWUXFWLRQ
FRVWRILQIUDVWUXFWXUHRIDUDLOZD\V\VWHPDQGJHQHUDOO\LWFDQEHGHGXFHGWKDW
97KHFRQVWUXFWLRQFRVWRILQIUDVWUXFWXUHIRUDW\SLFDOPL[HGWUDIILFFRUULGRULVJHQHUDOO\KLJKHUWKDQRI
DSDVVHQJHUGHGLFDWHGFRUULGRU
97KHFRQVWUXFWLRQFRVWRILQIUDVWUXFWXUHIRUDPL[HGWUDIILFFRUULGRULVVOLJKWO\KLJKHUWKDQRIDIUHLJKW
GHGLFDWHGFRUULGRUIRUWKHVDPHPD[LPXPJUDGLHQW
97KH FRQVWUXFWLRQ FRVW RI LQIUDVWUXFWXUH IRU D W\SLFDO IUHLJKW GHGLFDWHG FRUULGRU LV JHQHUDOO\KLJKHU
WKDQRIDW\SLFDOPL[HGWUDIILFFRUULGRU

0L[HG QHWZRUNV VDWLVI\ SULPDULO\ SDVVHQJHU WUDQVSRUWDWLRQ 6R WKH IHDWXUHV RI SDVVHQJHU WUDLQV
SUHGRPLQDWHRQWKHFRQVWLWXHQWVRIDUDLOZD\V\VWHPDQGLQH[WHQGRQWKHFRQVWUXFWLRQFRVWRIDUDLOZD\
SURMHFW2Q WKH RWKHU KDQG WKH LQFUHDVLQJ QHHGV RI FDUJR WUDQVSRUWDWLRQ OHDGV WKH FDSDELOLWLHV RIPL[HG
FRUULGRUVLQH[WUHPHFRQGLWLRQV7KLVVLWXDWLRQFRPELQHGZLWKWKHVLJQLILFDQWGLIIHUHQFHVRISDVVHQJHUDQG
IUHLJKW WUDLQV VHHPV WR HQIRUFH WKH SURJUHVVLYH VHJUHJDWLRQ RI QHWZRUNV IRU SDVVHQJHU DQG IUHLJKW
WUDQVSRUWDWLRQ.RSHFN\2(&':RRGEXUQDQGDOO


5HIHUHQFHV

$OLDV-©/D9RLH)HUUpHª(GLWLRQV(XUROOHV3DULV
%DWLVVH)©/HVJUDQGHVWHQGDQFHVGXWUDILFIHUURYLDLUHGDQVOHPRQGHª5DLO,QWHUQDWLRQDO
-DQYLHUSS
%DXPJDUWQHU-3³3ULFHVDQGFRVWVLQWKHUDLOZD\VHFWRU´eFROH3RO\WHFKQLTXH)HGHUDOHGH
/DXVDQQH-DQXDU\
(VYHOG&©0RGHUQ5DLOZD\7UDFNª057±3URGXFWLRQ:*HUPDQ\
(VYHOG&-RXUGDLQ$.DHVV*6KHQWRQ0©7KHFRQVHTXHQFHVRQWUDFNPDLQWHQDQFHRI
LQFUHDVLQJD[OHORDGVIURPWRWª5DLO(QJLQHHULQJ,QWHUQDWLRQDO1XPEHU
1153 Christos Pyrgidis and Evangelos Christogiannis /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  1143 – 1154 
.RSHFN\0©/HVPHVXUHVSULVHVSDUOHVFKHPLQVGHIHUSRXUVRUWLUGHODFULVHGXIUHWª
5HYXH*pQpUDOHGHV&KHPLQVGH)HU0DLSS

/LFKWEHUJHU%©7UDFN&RPSHQGLXP)RUPDWLRQ3HUPDQHQW:D\0DLQWHQDQFH(FRQRPLFVª
(XUDLO3UHVV

2(&'©5DLOZD\UHIRUPLQ&KLQD±3URPRWLQJFRPSHWLWLRQª6XPPDU\DQGUHFRPPHQGDWLRQV
RIDQ2(&''5&6HPLQDURQ5DLO5HIRUPLQ%HLMLQJ-DQXDU\
3URILOLGLV9$³5DLOZD\0DQDJHPHQWDQG(QJLQHHULQJ´WKLUGHGLWLRQ
3\UJLGLV & *HRUJDNRSRXORX $  ©3XUH RU PL[HG WUDLQ H[SORLWDWLRQ " %DVLF RSHUDWLRQDO
SULQFLSOHVDQGGHFLVLRQWRROVªVW,QWHUQDWLRQDO&RQJUHVV³&RPSHWLWLYHQHVVDQGRIPHDQVRIWUDQVSRUW
SHUVSHFWLYHVIRULQWHUSRVDOWUDQVSRUW´&KLRV*UHHFH&RQJUHVVSURFHHGLQJV

3\UJLGLV&&KULVWRJLDQQLV(³7KHSUREOHPVRIWKHSUHVHQFHRISDVVHQJHUDQGIUHLJKWWUDLQVLQ
WKHVDPHWUDFNDQGWKHLULPSDFWRQWKHSURILWDELOLW\RIWKHUDLOZD\VFRPSDQLHV´WK:RUOG&RQJUHVVRQ
5DLOZD\5HVHDUFK0D\/LOOH)UDQFH&RQJUHVVSURFHHGLQJV&'

3\UJLGLV&6WHUJLGRX$³,QYHVWLJDWLRQRIWKHLQIOXHQFHRIUDLOZD\V\VWHPSDUDPHWHUVRQWUDFN
FDSDFLW\´ WK ,QWHUQDWLRQDO &RQIHUHQFH ©5DLOZD\ (QJLQHHULQJª /RQGRQ 
&RQJUHVVSURFHHGLQJV&'

8,&©0pWKRGH'HVWLQpHD'pWHUPLQHUOD&DSDFLWpGHV/LJQHVªILFKH8,&-DQYLHU

8,&&2'(5UGHGLWLRQ(DUWKZRUNVDQGWUDFNEHGIRUUDLOZD\OLQHV)HEUXDU\
:RRGEXUQ$$OOHQ-%URZQH0/HRQDUGL-©7KHLPSDFWVRIJOREDOLVDWLRQRQLQWHUQDWLRQDO
URDG DQG UDLO IUHLJKW WUDQVSRUW DFWLYLW\3DVW WUHQGV DQG IXWXUH SHUVSHFWLYHVª 7UDQVSRUW 6WXGLHV
'HSDUWPHQW8QLYHUVLW\RI:HVWPLQVWHU/RQGRQ8.
ZZZXLFRUJ6WDWLVWLFGDWD8,&
1154
 
 
 Christos Pyrgidis and Evang
elos Christogiannis  /  Pro
cedia - Social and Behavioral Sciences  
 48  ( 2012 )  1143 – 1154 

7DEOH4XDOLWDWLYHLPSDFWRIWUDLQIHDWXUHVWRWKHFRPSRQHQWVDQGHOHPHQWVRIDUDLOZD\V\VWHP±5HTXLUHPHQWV

)HDWXUH
7\SLFDOYDOXHVRIIHDWXUHV (IIHFWVRIIHDWXUHYDOXHLQFUHDVHRQ
FRPSRQHQWVDQGHOHPHQWVRIDUDLOZD\
V\VWHP
,PSDFWRIIHDWXUHYDOXHLQFUHDVHRQWKHUHTXLUHPHQWVRIWKHFRPSRQHQWVDQGHOHPHQWVRID
UDLOZD\V\VWHP3DVVHQJHUWUDLQV )UHLJKWWUDLQV
6SHHG
9 NPK NPK
,QFUHDVHRIWUDFNGHVLJQG\QDPLFORDGWUDLQ
EUDNLQJGLVWDQFHFHQWULIXJDOHIIRUWLQFXUYHV
DHURG\QDPLF UHVLVWDQFH WUDFN FDSDFLW\
FRQVHTXHQFHVLQFDVHRIDFFLGHQW
/DUJHU D[LDO GLVWDQFH EHWZHHQ WUDFNV KLJKHU FXUYDWXUH UDGLXV LQ WKH ORQJLWXGLQDO DQG YHUWLFDO
DOLJQPHQW  KLJKHU WUDFN  FDQW JUHDWHU OHQJWK RI WUDQVLWLRQ FXUYH LQ WKH KRUL]RQWDO DOLJQPHQW 
FRQWLQXRXVO\ ZHOGHG DQG KHDYLHU UDLOV FRQFUHWH VOHHSHUV HODVWLF IDVWHQHUV WKLFNHU WUDFN EHG
WUDFN IHQFLQJ HOHFWULF VLJQDOLQJ ORQJHU VLJQDO VSDFLQJ HOHFWULILFDWLRQ IRU 9! NPK VSHFLILF
UROOLQJ VWRFN VORZ WUDLQ RYHUWDNLQJ LQFUHDVHG VDIHW\ PHDVXUHV DORQJ WKH WUDFN ELJJHU WXQQHO
FURVVVHFWLRQKLJKHUPDLQWHQDQFHQHHGV
$[OHORDG
4 W
W
KHDY\KDXOFRUULGRUVXS
WRW
,QFUHDVH RI  WUDFN GHVLJQ VWDWLF ORDG WUDLQ
EUDNLQJ GLVWDQFH WUDFN JHRPHWU\ GHIHFWV
GHWHULRUDWLRQUDWHWUDLQUXQQLQJUHVLVWDQFH
/HVV VWHHS JUDGLHQWV KHDYLHU UDLOV WKLFNHU WUDFN EHG ORQJHU VLJQDO VSDFLQJ  JUHDWHU WUDFWLRQ
SRZHUUHTXLUHPHQWVKLJKHUPDLQWHQDQFHQHHGV
7UDLQZHLJKW
Ǻ ±W
±W
KHDY\KDXOFRUULGRUVXS
WRW
,QFUHDVH RI  EUDNLQJ ZHLJKW WUDLQ UXQQLQJ
UHVLVWDQFH /HVVVWHHSJUDGLHQWVORQJHUVLJQDOVSDFLQJJUHDWHUWUDFWLRQSRZHUUHTXLUHPHQWV
7UDLQOHQJWK
/] P
P
KHDY\KDXOFRUULGRUVXS
WRP
'HFUHDVHRIWUDFNFDSDFLW\ /RQJHUWUDFNVDQGSODWIRUPVLQVWDWLRQV
'DLO\WUDIILF
ORDG7I ±W
±W
KHDY\KDXOFRUULGRUVXS
WRW
,QFUHDVH RI WUDFN JHRPHWU\ GHIHFWV
GHWHULRUDWLRQUDWH +HDYLHUUDLOVWKLFNHUWUDFNEHGKLJKHUPDLQWHQDQFHQHHGV
'\QDPLF
SDVVHQJHU
FRPIRUW
PD[LPXPSHUPLWWHG
UHVLGXDOFHQWULIXJDO
DFFHOHUDWLRQȖQFPD[
PVHF
PD[LPXPSHUPLWWHG
UHVLGXDOFHQWULIXJDO
DFFHOHUDWLRQȖQFPD[
PVHF
'HFUHDVHRISDVVHQJHUFRPIRUW
*UHDWHU FXUYDWXUH UDGLXV LQ WKH ORQJLWXGLQDO DQG YHUWLFDO DOLJQPHQW KLJKHU WUDFN FDQW JUHDWHU
OHQJWKRI WUDQVLWLRQFXUYH LQ WKHKRUL]RQWDODOLJQPHQW  ,QFDVHRIPL[HG WUDIILFDGRSWLRQRI WUDFN
FDQWVDWLVI\LQJERWKWUDLQFDWHJRULHV
3XQFWXDOLW\ VHF±PLQ PLQ±K ,QFUHDVHRIDWWUDFWLYHQHVVRIWUDQVSRUWDWLRQ 3ULRULW\IRUWKHSDVVHQJHUWUDLQVWLPHWDEOHVDGDSWHGRQSDVVHQJHUWUDLQVUHTXLUHPHQWV
9HKLFOH
FOHDUDQFH
JDXJH
1RUPDOFOHDUDQFH
JDXJH
([SDQGHGFOHDUDQFH
JDXJH  'LIIHUHQWLDWHVGHSRWDQGVWDWLRQGLPHQVLRQLQJD[LDOGLVWDQFHEHWZHHQWUDFNVKHLJKWFOHDUDQFH
6WDWLRQV 6WRSVHYHU\±NP
6WRSVHYHU\±
NP  7RWDOO\GLIIHUHQWGHVLJQDQGHTXLSPHQWLQSDVVHQJHUDQGIUHLJKWVWDWLRQV
7UDQVSRUWHG
JRRG SDVVHQJHUV JRRGV 
'LIIHUHQWVDIHW\PHDVXUHV UHTXLUHG IRU WKH LQIUDVWUXFWXUHDQG WKH UROOLQJ VWRFNZKHQ WUDQVSRUWLQJ
SDVVHQJHUV FRPSDUHG WR FDUJR6SHFLDO VDIHW\PHDVXUHV LQ WXQQHOVZKHQFDUU\LQJ SDVVHQJHUV
VSHFLDOVDIHW\PHDVXUHVLQWKHRSHQWUDFNZKHQFDUU\LQJGDQJHURXVJRRGV
